Because of natural disasters caused by a heavy rain and change of precipitation pattern, rice production in West Africa is often unstable, whereas rice is an important food crop. Reports of flooding damage to rice plants have been increasing with the expansion of rainfed lowland rice cultivation there since 1988. This report reviews recent environmental changes that have occurred in a flood-prone region of West Africa, and the eco-physiological survival strategies used by rice plants under flooding stress. We identify the flooding status in West Africa, with flood-prone areas that are classifiable into three types:
INTRODUCTION
Rice farming in Africa began approximately 3500 years ago (Porteres 1970) . The rice variety cultivated at the time was African rice (Oryza glaberrima Steud.) , which is native to the continent (Chu and Oka 1972) . African rice is well adapted to the severe local climate, but it has had little opportunity to be improved or selected by humans.
It is therefore regarded as wild and of low productivity.
For that reason, Asian rice (O. sativa L.) accounts for a high proportion of the rice consumed in Africa today.
However, the development and promotion of a NEw RIce for AfriCA (NERICA) is attracting attention in Africa.
Moreover, the proper ties of African rice, which was employed as a parent strain in the production of NERICA, are now being reassessed. In this manner, rice farming in Africa has been developed differently from that in Asia, and cultivation and cooking methods also differ in many ways. Farmers cultivate rice in irrigated lowlands in Asia, although rainfed uplands in Africa account for most rice fields. African farmers attach great importance to the quantity immediately after cooking in many cases (Sakagami et al. 2008) . Although rice consumption in African countries has shown an increasing trend in recent years, the production rate is not sufficient to meet the demand. The volume of impor ted rice is increasing annually, which is having a detrimental effect on African countries , economies.
To resolve these issues, rice production yields must be increased, either by expanding the production area or by improving yield per unit of area. Realization of this goal is impeded primarily by the poor agricultural e n v i r o n m e n t a n d u n s o p h i s t i c a t e d a g r i c u l t u r a l technologies prevailing in Africa. In addition, farmers account for 80% of the population in African countries and make up a greater proportion of those below the poverty line than in Asian countries. It is therefore difficult, even for rice farmers, to acquire suf ficient equipment and materials to produce rice rationally using best practices.
In this respect, unlike the intensive rice farming that has become successful in Asian countries, to facilitate rice farming in Africa as a sustainable enterprise, it will be crucial to systematize low-input rice farming technology.
In this light, we specifically examined the potential agricultural productivity of wet lowlands in the floodplains that are widely distributed throughout West Africa.
Rice productivity in these wet lowland areas is much higher than that in the upland fields in terms of soil fertility and water availability, and unused areas of wet lowlands extend throughout river basins (Asubonteng et al. 2001) . Accordingly, efficient utilization of wet lowlands could be an extremely effective means of resolving food problems in many areas of Africa (Sakagami et al. 2010 ).
However, floods often inhibit rice growth through excessive water stress. Reports of flooding damage to rice plants have been increasing with the expansion of rainfed lowland rice cultivation there since 1988 (Hallegatta et al. 2010 ).
In general, rice cultivation is vulnerable to natural disasters in West Africa. One reason is the shortage of suitable irrigation systems. The area of irrigation is about 20% of the total area of rice cultivation, and most rice is planted in rainfed regions (Balasubramanian et al. 2007 ).
Therefore, rice cultivation in West Africa is strongly influenced by precipitation or over flow from rivers.
However, the status of damage to rice plants by flooding in West Africa has not been understood well until now.
Upland rice is severely influenced by rainfall because of the lack of standing water. Yields of upland rice are very low (around 1 t ha -1 ) compared with those of lowland rice cultivation (around 2 t ha -1 ) (Norman and Otoo 2003) . Strong submergence-induced elongation is a common escape mechanism and one that helps submerged individuals regain or retain contact with the aerobic environment on which they depend (Jackson 2008) .
However, the submergence tolerance gene, Sub-1A, uses a different strategy, depressing shoot elongation under shor t-term submergence to sur vive. Considering the c i r c u m s t a n c e s o f c l i m a t e c h a n g e a n d u n s t a b l e environmental conditions in West Africa, the ability to tolerate flooded conditions is a major constraint on sustainable agriculture in the region. This paper presents a review of the current state of knowledge related to the survival mechanisms of rice plants in flood-prone regions of West Africa.
Rice cultivation environment in West Africa

West African Climate
The climate in Africa is controlled by the Inter-Tropical
Convergence Zone (ITCZ). Southeast trade winds (originating from the souther n hemisphere) and nor theast trade winds (originating in the nor ther n hemisphere) come together near the equator (Nicholson 2009 ). Around the ITCZ, the atmosphere is unstable, and updrafts develop easily, thereby producing heavy rains on the south side of the ITCZ ( production as well as rice in various regions (Futakuchi 2005) . It is important to establish an agricultural system that is not shaken by climate change to ensure stable food production in the future.
Rice ecosystem in West Africa
The rice ecosystem in Africa is divisible into two main types: upland and lowland ( submergence-prone areas are defined as areas that are submerged for shor t periods .
However, it is difficult to use this classification system to describe the environments in West Africa. (Setter et al. 1997 , Ito et al. 1999 , Kawano et al. 2002 .
Strategies of rice to cope with submergence dif fer according to the water environment. Survival strategies of floating rice, deepwater rice, and flash-flood tolerant rice are discussed hereinafter.
Growth response to prolonged submergence
Floating rice propagates wildly along the major rivers in West Africa. The key characteristic of floating rice is its capabilities of internodal elongation (A) and kneeing (B) (Fig. 4) . The floating rice elongates internodes according to the water level to develop a canopy above the water surface.
The effect of intermodal elongation appears in the main stem and old tillers during submergence (Catling 1992) .
When submergence continues, new tillers and roots are developed at the node of culms located near the water surface. However, the yield of deepwater rice plants is largely unaffected by late transplantation . The limited availability of carbohydrates during submergence adversely affects the rice plants , recovery after desubmergence. One important factor for recovery after desubmergence is protection against oxidative stresses in aerobic environments after desubmergence (Kawano et al. 2002) . Ascorbic acid is a key antioxidant.
After the water level begins to recede, heading b e g i n s b e c a u s e t h e f l o a t i n g r i c e h a s t h e h i
Flash flood tolerant plants maintain higher levels of ascorbic acid compared to shoot elongation type plants during submergence, thereby limiting the damage by oxidative stress after desubmergence (Kawano et al. 2002) . Adopting the quiescence strategy of not elongating quickly in response to submergence helps avoid lowering of the levels of available carbohydrates. This physiological trait most distinguishes so-called flash flood tolerant varieties. Flash flood tolerant rice conser ves a stored carbohydrate before submergence in stems that might be used to recover from submergence after desubmergence ).
Physiological mechanisms of sur vival strategy under submergence conditions
Rice has adapted to submergence-prone environments through two strategies: submergence tolerance to flash floods and shoot elongation to prolonged submergence (Table 2) and ABA (Kende et al. 1998 ). Accumulated ethylene is probably the primary signal that triggers the plant to start a cascade of reactions leading to enhanced cell elongation (Voesenek et al. 2006 ) because ethylene is accumulated in rice plants during submergence as a result of the fact that gas diffusion is 10 4 -fold slower in a liquid solution (in this case water) than in air (Armstrong 1979 ). The cascade model was proposed from a study of stem elongation in deepwater rice (Kende et al. 1998) . The proposed chain reactions are as follows: first, the accumulated ethylene reduces ABA levels; second, the reduced ABA level engenders increased responsiveness of GA; and lastly, GA promotes stem elongation. These mechanisms are controlled genetically. Xu and Mackill (1996) revealed that a single locus on chromosome 9, 
Evolution of flood-plain rice cultivation in West Africa
The study of submergence resistance in rice started in Rice cultivation in Africa is no longer restricted to any specific region. Therefore, it is not a site-specific agricultural system. Instead, it already occupies an extremely important position in agricultural development in Africa. Although traditional upland rice is dominating the rice cultivation system in West Africa, lowland rice has recently come under the spotlight to increase the use of wetlands that are distributed widely throughout the region and which are regarded as advantageous in terms of water control over upland rice. From that perspective, it is extremely important to collect information related to characteristics of rainfed lowland rice cultivation in West Africa. We previously studied the rice production potential of traditional cultivation in the inland delta of the Niger River in Mali, which is described in another paragraph (Sakagami et al. 2008) . Our investigation showed that the traditional rice cultivation system of the inland delta depends more on flooded water from the Niger River than the rainfall that occurs in the area. We demonstrated also that O. glaberrima, which is widely cultivated in the area, should be a cultivated species that is highly adapted to local conditions considering its growth characteristics.
Particularly it has been recently understood that African rice is similar to the indica type of O. sativa in terms of its cooking quality. Both have properties of starch that result in a firm and non-sticky texture immediately after cooking and cooling. Crop management practices here are characterized by low input technology, where weed control and soil fertility management are conducted using the best use of flooding, which suppresses weed germination and which brings fertile soils from adjacent upstream areas. Furthermore, it is suggested that total n i t r o g e n i n f l o o d e d s o i l o f t h e i n l a n d d e l t a i s comparatively higher than those of other flooded areas in Africa (Buri et al. 1999) . In fact, farmers grow rice using no chemical fertilizers. However, to adopt those above described low input technologies, it is prerequisite that submerged water conditions are maintained for a certain period of time. In this flooding region, it is important to develop a prediction model to cover a flooded area and high-per for mance rice genotypes for stable rice production in the future.
CONCLUSION
Rice production is unstable in Africa because most rice is cultivated in rainfed ecosystems. Rice cultivation is vulnerable to drought and submergence caused by climate variability. Stable agricultural systems should be established by mitigating the effects of natural disasters.
Recently, rice cultivation has shifted from upland to lowland varieties because of the higher yields of the latter. Another solution is to establish a prediction model for flooded areas to escape damage along the river through hydrologic analyses. Additionally, we would like to emphasize the high potentiality of flood-plain areas along major rivers in West Africa for rice production on the grounds that rice plants grow well with suitable soil fertility, water availability, and cultivars.
